Over the last century an increase in mean soil surface temperature has been observed and it is 16 predicted to increase further in the future. To evaluate the legacy effects of increased 17 temperature on both nitrogen (N) transformation rates in the soil and nitrous oxide (N2O) 18 emissions, an incubation experiment was conducted with soils taken from a long term in situ 19 warming experiment on temperate permanent grassland. In this experiment the soil temperature 20 was elevated by 0 (control), 1, 2 or 3°C (4 replicates per treatment) using IR-lamps over a 21 period of 6 years. The soil was subsequently incubated under common conditions (20°C and 22 50% humidity) and labelled with NO3 15 NH4 Gly, 15 NO3NH4 Gly or NO3NH4 15 N-Gly. 
period of 6 years. The soil was subsequently incubated under common conditions (20°C and 22 50% humidity) and labelled with NO3 15 NH4 Gly, 15 NO3NH4 Gly or NO3NH4 15 N-Gly. analysed by a CNH Macro Elemental Analyser (Hanau, Germany) for total N content. A 140 subsample of the soil for each plot was dried at 105°C for 24 hours to determine the soil 141 gravimetric water content. The remaining field moist soil was kept at 4°C (for less than 60 142 hours) until further analysis whereupon the soil from each field plot was sieved through a 10 143 mm sieve, to homogenise it and to remove roots. Incubations were carried out in 750 ml jars 144 (WECK GmbH u. Co. KG, Wehr, Germany). Thirteen jars per field plot were prepared each 145 with an average of 67 (stdev 8.4) g dry soil per jar (except for plots 3, 5, 7, 11 and 14, where 146 only 10 jars were prepared due to lack of soil). All jars were closed with glass lids that were 147 fitted with septa to allow for gas sampling. During gas flux analysis the jars were sealed using 148 a clamp and a rubber ring between the jar and the lid. At other times a gap was left between 149 the jar and the lid to allow air exchange while minimising water loss. On May 14 (day 0) all 150 jars were put in a dark climate chamber at 20°C and 50% humidity and incubated for 55 days 151 Soil gravimetric moisture data were used to determine the exact amount of dry soil in each jar, 154
and to calculate the amount of water to be added to ensure the same soil water content in each 155 jar. On day 2 the soil moisture in each jar was adjusted to a water-filled pore space (WFPS) of 156 64%. On day 12 and 50 the jars were watered to replenish the water lost due to evaporation. soil. On day 55, the substrate solution was added to each 161 jar using a needle with side-ports, to inject the solution into the soil to minimise disturbance, 162 while providing an equal distribution in the soil (Müller et al., 2007) . For each field plot, jars 163 were set up for four soil extractions, at day 0, 1, 3 and 6 after N application, and three labels, 164 except for plot 3, 5, 7, 11 and 14, where due to the lack of soil no NO3NH4 15 N-Gly label 165 addition was possible. 166
167
The soil in each jar was extracted with 2M KCl using the blending procedure of Stevens and 168 Laughlin (1995) 
Gas sampling 177
Gas samples were taken from 43 different jars, one jar per 15 N label, for each plot. During the 178 pre-incubation gas samples were taken 1, 46 and 48 days before label addition. After labelling, 179 gas samples were taken immediately prior to soil extractions. 180 181 Gas samples were taken using a 60 ml syringe (Ecoject Plus, Gelnhausen, Germany). At time 182 zero (t0) 15 gas samples were taken from 15 different jars. Then at time 1 (t1) a gas sample was 183 taken through the rubber septum. At both t0 and t1 the syringe was flushed twice with headspace 184 gas to ensure a representative sample was taken. The times between t0 and t1 during each of the 185 seven different gas samplings (three before label addition and four immediately prior to 186 extraction) were 120-129, 120, 180, 233, 240, 235 and 214 minutes, respectively. Gas samples 187 were analysed within 24 h after sampling using a GC (Bruker) equipped with an electron 188 .97 for all runs (Fig. 4) . The gross rates of most N transformations did not differ as a result 326 of the previously imposed soil warming treatment (Table 1) . However, the rates of recalcitrant 327 N mineralisation were reduced under the T2 and T3 treatments (p=0.040). Mineralisation of 328 amino acids also became slower with increasing temperatures (p=0.045). However, the overall 329 gross mineralisation of organic N to NH4 + did not differ with the previously imposed warming 330 treatments because the mineralisation of labile N was the major contributor to total 331 mineralisation, and this rate was not significantly affected by previous warming (Table 2) . Net 332 mineralisation did not differ as a result of the previously imposed warming treatments. Despite 333 the fact that the release of stored NO3 -tended to increase with warming (p=0.096), and also 334 that cumulative ONH4 and ONrec rates tended to be different (p=0.095), no significant effect on 335 net nitrification could be observed (Table 2) . 336 337
N2O fluxes 338
In response to N supply, N2O emissions immediately increased, and decreased thereafter (Fig.  339   3a) . While treatments T2 and T3 had lower N2O fluxes than the control treatment (p=0.004 and 340 p=0.036, respectively) no interaction between incubation time and treatment was observed. 341
The N2O fluxes from the T2 treatment were also lower than those from the T1 treatment 342 (p=0.016). However, observed fluxes from the T1 treatment did not differ from the control 343 treatment and N2O fluxes from the T2 treatment did not differ from the T3 treatment. 344
345
The newly developed partitioning model was successful to identify cumulative N2O fluxes 346 (Fig. 5) and N2O contribution at each extraction time (Fig. 6 ) associated with nitrification, 347 denitrification, co-denitrification and the oxidation of organic N between 0.11 and 5.93 days 348 comprising between 63 and 85% of the total N2O flux (Fig. 5) . The percentage contribution 350 made by organic N to N2O fluxes increased over the sampling period, rising from a minimum 351 of 40% in the control treatment, to virtually 100% across all treatments by Day 6 (Fig. 6) . The 352 fluxes from organic N oxidation were the highest in the control treatment, followed by T1, and 353 lowest for T2 and T3. Significant differences were found between the control and the T2 and T3 354 treatment (p=0.011 and p=0.002, respectively) and between T1 and T3 (p=0.039). The amount 355 of N2O produced via denitrification was also the highest under the control treatment, followed 356 by T1 and T3. It was the lowest under T2. Compared to the control treatment, denitrification 357 contributed less to N2O under the T2 and T3 treatments (p <0.0001 and p=0.002, respectively). 358
The contribution of denitrification also differed between treatments T2 and T1 (p=0.004). Co-359 denitrification only contributed to the N2O flux during the first day after substrate addition. The 360 highest amount of N2O produced via co-denitrification was found under the control treatment, 361 followed by T1. Under T2 and T3 treatments, the contribution of co-denitrification was minor. 362
However, these differences were not significant. No significant differences were found in the 363 amount of N2O produced via nitrification. 364 
424
A decrease in N2O produced via denitrification was found in soil previously subjected to higher 425 temperature treatments. This could be due to a decrease in the rate of denitrification. However, 426 it is also possible that under treatment T2 and T3 more of the NO3 
